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NEW PORTABLE HAND-HELD RADIATION INSTRUMENTS FOR
MEASUREMENTS AND MONITORING*

2. E. Fehlau
Los Alamos National Laboratory
Los Alamos, New Mexico 87545, Usa

ISTRACT

nd-held radiation monitors are often used to
arch pedestrians and motor vehicles for special
clear material (SNM) as part of a physical
‘otection plan for nuclear materials. Recently,
@ Los Alamos Advanced Nuclear Technology group
s commercialized an improved hand-held monitor
at can be used for bdoth physical-protection
itoring and verification measurements in muclear
terial control and waste management. The new
mnitoring inztruments are smaller and lighter;
'erates much longer on a battery charge; are
'‘allable with Nal(T?) or neutron and gamma-ray
nsitive plastic scintillation detectors; and are
82 expensive than other comparable instruments.
ey alsc have a second cperating mode for making
‘ec{se measurements over count.ing times.as long
1 99 5. This mode psrmits making basic verification
/ssurements that may be rneeded before transporting
iclnar material or waste outside protected areas.
iproved wverification measursments can be wmade
.th a second new hand-held instrument that has a
:abilized detector ard three separate pgamma-ray
1eTgy windows to obtsin spectral information for
M quantity, unrichment, or material-type verifica-
on.

ITRODUCTIGN

v the sarly 1970s, the Los Alamos Advanced Nuclear
ichnology group develcped two small, battery-
wered, radiation detection instruments’® (Fig. 1)
v hand-held use 1., srarcning pedestriani, packages,
'd motor venicles for special nuclesr materials
iINM).  The twe instruments sense gamma yadiation
itted by SNM, which {a an axceliant but non-visible
.ue to the presence of the materials. The instru.
mts are intelligent; they prec.sely mcasure back:
‘ound intensity and then calculate a detection
1larm) tlresahoid wused for monitoring. During
mitoring, they continuously compare measuremnte

‘his work was supported by the US Department of
\eTgy, Assiatant Secretary for Lefenae Programs
'fice of Safeguards snd Security.

'"TSA Systems, Inc., Boulder, CO R0302.

Fig. 1. Iwo hand-held monitors developed at los
Alamos have been commerclally avallable for many
yoars. The instruments are intelligent and can
detect radiation intensities that are & small
fraction of background Intensicy.

with the alarm threshold and sound an alarm (chirp)
vhenever the threshold is equaled or exceeded.
Using one of these instruments, « bz..*'y trained
oparator easily detects SNM radiation intensities
that are a small fraction of background intensity
by simply listening for the chirps as ha moves the
instrunent over the person or item being monitored
(Fig. 2).

The early monitors are sti{ll coumsrcially produced
and used for beth SNM monitoring and health-physics
applications. Another newer monitor having both
neutron and gamma-ray sensitivity was developed by
TSA Systams, Inc.** and finds similar use. This
instrument, the HHD-440 (Fig. 3), uses a large
plastic wscintillation detector that performs as
well as Nal(T!) detectors but also has sufficient
neutron sensitivity for detecting hwavily shieided
plutonium.? However, the HHD.440 has the shortcom-
ingn of being heavy, about 3 kg (4.6 1b), and
having a short operating time, about 7 hours
before recharging, which makes it {nsdequate for
continuous use as & search instrumen:. These



g. 2. An operator searches for SNM with a
ind-held monitor by moving the instrument over
!l surfaces of & pedestrian, package, or motor
thicle. Successive chirps in a reglon discloses
1@ location of SNM.
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lg. 3. A relatively nev hand-held monitor senses
lucrons in additlon to gamma rays, making it
'fective for detecting shielded plutonium.
\fortunately, the Instrument is quite heavy and
yerates for lesy than a typical wvork shift betwveen
ictery charges.

ortcomings in an otherwise highly effective and
dern hand-held monitor prompted w. to commercialize
Los Alamoz moniuur that hax the same advantages
it ‘s lighter and has a wuch longer operating
me between charges than other hand.held mon{tors.

THE NREV MONITORING INSTRUMENT

The new Los Alamos lightweight, hand-held instrument
is nov commercially produced by TSA Systems, Inc.
with either a Nal(TZ) or plastic scintillation
detector, one of the factors that makes it much rore
wersatile than its predecessors. The new instru-
ment's prototype was developed and described by
Millegan and Nixon.? Their design goals were to
make the instrument lightweight (1.1 kg or 2.4 1b);
small in size (about one haif the size of its
predecessors); lovw powver for long operating time
(48 h) on an overnight battery charge (16 h);
equal or better in performance than its predecessors;
and versatile (two operating modes and an easily
reprogrammable microprocessor). TSA Systems
designates this new instrument the PRM-470 (Fig. 4)
and markets it with one of two operating programs:
the los Alamos 1.0l version described hers and a
1.1 version for monitoring only.

Fig 4. The new PRM-470 iz a recently comxmercialized
los Alamos monitor. Its light waight, long operating
time on a battery charge, and second opcrat. ng
arde for making precise measurements make it the
most versa:ile of the hand-heid monitors.

Besides the design-goal improvemsnts, other improve-
ments in the PRM-470 monito: {ncluds the microproces-
sor-generated, auto-ranging count-rate display that
shows processed data rather that, the output of an
indepandent rate meta¥r found ir earlier Los Alamo:
instruments. Tau alarr logict is also improved by
using & 0.4-s-long moviny average of 0.053.a-long
counts to improve senaiciity but preserve the fast
signal response needed for hand moniteri,g (0.%: y/r
scan speed). The alaim thresuvid for monitoring
is calculated from an axpected value darived from
the measured background (8-.s.long average) plus the
number of counts set on the inatrumant's thumbivheel
switch (about 10 to 15 in iLos Alamos). Calibration
of the new {nstruments {s much the same as in earlier
ones, with amplifiar gair adjusted to saturate at
either 662 or 1332 keV and the lower-level discrimin-
ator triggering at about 60 keV,



11 versions of the PRM-470 have the basic advantages
{ being lightweight and having & long operating
ime and choice of scintiliator; but the 1.0l version
f the cperating program offers another advantage.
his advantage is a second, switch-selected operating
ode (the count mode) for making precise radiation
ntensity measurements, perhaps after finding radio-
ctive material with the first (monitoring) mode.
r it may be used initially to make brief but
recise seasurements for SNM verification or other
urposes. For example, the author uses the second
ode to measure precisely the background radiation
ntencity at candidate locations for coperating SNM
onitors.

n the count mode, the PRM-470 thumbwheel switch
 set to a counting time that can be as long as
3 s. Then the instrument repeatedly counts for
nat amount of time and converts and displays the
1isult in counts per second. A significant use of
"e count dode is to verify that low-density waste
ickages contain no more than category 111 quantities
[ plutonjium (400 g) before being transported outside
protected area, perhaps for assay. With a plastic-
:intillator instrument, suitable calibration data,

TABLE

and weight screening to assure uncharacteristically
beavy materials have not been added to the packages,
waste can be verified even though & moderate
undetected amount of shielding or other gamma-ray
attenuating matrix is present.

The waste verification technique senses shielded
plutonium by making filtered and unfiltered measure-
ments with the PRM-470, using a lead attenuator
0.32 em (0.125 in.) thick between the waste and
detector as a filter. If the unfiltered radiation
intensity at several positions on the waste container
is below a calibrated removal threshold gnd the
filter markedly reduces the count rate, the waste
can be removed. Otherwise the waste must be
sssumed to be a shielded category I or II quantity
of material until assayed. Table I illustrates
the response of two types of detector to a small
unshielded quantity of plutonium and a 100 times
larger quantity in a lead shield. The two detectors
borh show large count-rate reductions with a filter
for bare plutonium and much smaller reductions for
shielded amounts. However, the Nal(TZ) detector
ceases to respond to plutonium in thicker shields
(where its filtered response falls below background),

1

PRM-47C RESPONSE TO BACKGROUND AND BARE AND SHIELDED PLUTONIUM

—  Rauiation Source® = Filter Tvpe
Background none
Background plus small plutonium none

0.32-cm lead

Background plus large plutonium none
in 1.3-em shield 0.32-cm lead
Background plus large plutonium none
in 2.5-cm shield 0.32-co lead

Nal(TZ?) Version Plastic Scintillator

(counts/s) Version (countl/g)
Gross  Net®  Gross. Net®
68.8 0 104 0
208 139.2 316 212
81.5 12.7 167 63
233 164.2 518 4l4
136.% 67.7 329 225
80.5 11.7 166 62
60.5 -8.3 138.5 34.5

The apall and large plutonium masses differ by a factor of 100. The shislC material

is lead.

The net count i{s the gross measurement with background subtracted.

hile *he plastic seint{llator continues to respond,
emonstrating that {t {as the best detector choice
or this technique, Note that in any case, applying
his technioue requires calibrating with typical
aste and shielded sources to establish realistic
ecisfon thresholds and disclese anv limirations
f the technique.

he superiority of plastic acintillators for
etecting lead-shielded plutonfum carries over to
NM monitoring. Basic performance dota? for the
RM-470's Nal(T7) detector (diam 2.5 an and Jenpth

cm) equel both the earlier monitora’ Nal(T/)
etector (diam 3.8 em and lenpth 3 8 cm) and the

HHMD-440 plastic scintillator (cross section 10.Z by
3.8 cm and length 12.7 cm) for detecting SiM,
including lightly shielded plutonium. However,
the advantage of s plastic scintillation detector
for detecting heaviiy shielded plutonium {s illua.
trated by PRM-470 measurement results in Table 11,
The thickest shield {n the table reduces the
Nal(T4) detector count rate below background,
whereas the plastic scintiliator continues to
detect the shielded plutoniun., This sdvantage in
the PRM-470 {s provided by its optional plastic
scintillator (croms section 3.2 by 7.3 cm and
length 10 8 em), which the manufacturer neatly
fnstalls in the same basic package an the Nal(T/)



TABLE 11

PRNM-470 CONTACT RESPONSE TO SHIELDED PLUTONIUM

lead Shield
——Radiation Source®
Background none
Background plus shielded 0.95
plutonium 3.3
2.5

Plastic Scintillator
Version (counts/sg

NalI(T2) Version
(counts/s)

Thickness (cm) Gross  Net®  Gross Net®

64.7 0 103 0
387 322 901 798
104.3 33.7 294 191

40.7 -24.0 134.3 31.3

2The plutonium has significant self-shielding in addition to the lead shield.
The net count is the gross measurement with background subtracted.

etector (Fig. 5). The plastic scinciliator
ncreases the PRM-470's weight, but only to 1.6 kg
3.5 1b), about half the weight of the HHD-440,
‘ithout loss of performance.

HE SRM VERIFICATION INSTRUMENT

erification refers to a qualitative technique
aving 100 precision as a goal for its result in
ontrust to assay, which i3 a quantitative technique
itl perhaps 13 precision as a goal. Verification
acrifices precision for speed. Our verification
nstrument addresses a long-standing rwed to quickly
erify thet radiation emitted from packages, fabri-
ated items, or even pedestrisns i{s or {s not charac-
eristic of a specific type or quantity of SNM.
xamples of the need to verify are (1) to determine

\8. 8. The optioral plastic srintillation detecter
ives the PRM-470 both neutrron and gamma.ray

englcivity . Neatron sensgitivity makes it posgible
> derect ghielded plutonium In wmonitoring and
erificaiion,

the presence or absence of plutonium in radicactive
packages; and (2) to verify the enrichment, low or
high for example, ~f uraniup items.

An earlier nand-held instrument developed by the
Los Alamos Instrument Technologies group, the
Automatic Material Identifier,® identified bare
uranjum and plutonium from recordeu spectra of low-
encrgy gamma rays, Becruse the low-energy radiation
may not be clearly rbserved when SNM {s well
encapsulated, shielded, or mixed with other radio-
isotopes, another technique must be used. Often s
thicker detector iz used with a portable multichamnel
analyzer to record spectra of pesnetrating, higher
energy samma rays for further analysis. For example,
gamma-rny peaks characteristic of wuranium or
plutoniun may ba recorded, stripped Irom an underly-
ing Compton-scattered gaumma-ray background by a
utility program, and then integratel to obtain a
net peak count contributed mostly by SNM radiation.
The peak count then may give a good indication of
the presence, abaence, or masa category of SNM or
the enrichment of uranium that c¢annot be ubtained
from gross mnasurements or the original spectva.
Our new hand-held SNM verification instrument is
designed to perform this task in a package +hat is
not wuch larger or hesvier than the PRM-470 described
above.

The procotype SNM verification instrument {s being
fabricated for us by Jomar Systems, Inc.* as model
JHH-01 (Fig. 6). 1n contrast to the gross counting
in hand-held monitors, pesk stripping requires a
gain-stabilized detector so that gamma rays always
fall into specific pulse-heirht regions of interest.
The region of {interest ("ita are used with an
enhanced computational ability to carry out a
variety of tasks including: verifying nuclear
material typs or enrichment during {nventory or
shipaent, verifying the absence of plutonium in pec.
estrians with pedical isotope uptakes, and verifying
the plutonium wass category of waste containers

Of course, {n this case, calibration of the technique
with typical items and a continuing measurement
control program are also necesaary for effective
use of the technique.

*Jomar Syctems, Inc., los Alamos, NM 87544,
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6. The JHH-01 1is another new Llos Alamos
trument being produced by Jomar Systems, Inc.
will perform verification measurements that
ally require less portable instrumentation.

the time of writing this report, the mechanical
electrical work on the JHH-01 is complete, but
gramming is still in progress. So, our examples
applications dsta were obtained with PRM-470
truments ard an IBM-PC-based wultichannel
lyzer. The first ezample ideatifies the preserce
»lutonium shielded by depleted uranium, a radioac-
} material that is commonly used in source-shield-
containers (pigs). Here the pig is 0.5 cm
:k and produces most of the detected radiation.
ver, stripping the prominent plutonium region
seen 330 and 450 keV (Fig. 7a) from the empty
spectrum (Fig. 7b) and the pig plus plutonium
strum (Fig. 7 ) gives significantly different
ilts. The net count for the pig alone 1% minus
5> £ 7.6 counts/s, whereas the ressult is plus
} £ 8.6 counts/s for the pig containing plutonium,
e, the presence of plutonium i{s detected even
1gh it would give no readily wvisible clue in a
;le spectrum. This example is typical of what
involved in identifying plutoniuw in mixed
e or in identifying the absence of plutonium
radioactive packages. Note that the instrument
13 available only the final result, a net count,
ey than a plot of the spectrun. While this
18 the technique mora sensitive, calibration
measurement control are more important to its
ictive use,

‘har example illustratez verifying pellets that
be natural or depleted uranium, The larger
t in the highly enriched uraniwn spectrum (Fig.
i{s the 185-keV gamma ray from 23%. When this
. region s stripped and integrated, the result
natural uranfum (0,74 27%V) {n Fig. 8b is 2669,
‘sas the result for depleted uranium (0.2v
" in Fig. B8c is 1420. Hence, the two materials
be differentiated provided that the technique
been properly callbrated and controlled.

des theso single region-of-interest axamples,
instrument is designed to be able to duplicate
r wethods for determining enrichment that are

. . {a)
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Fig. 7. These spectra illustrate plutonium verifica-

tion in & wmixed radiation field: (a) the plutenium
spectrum; (b) spectruw frowm depleted uranium pig;
and (c) spectrum from plg containing plutonium.
Highlighted areas contain penetrating plutonium
gamma rays (a) plus other radiation (b) and (c).

less sensitive to the size and shaps of samples.
For example, a region of interest around 766 keV or
1001 keV can be used with the 186-keV region to
give the {invensity ratio used in one enrichmant
technique.® Another technique that can be imple-
mented uses the 186-keV region and a nearby higher
energy region plus certain calibration constants
to corrur. for Compton scattering and gives enrichmert
directly.® Practical experience in appiying the
instrument to these techniques avaits coampletion
of the programming.

FUMMARY

The new lightweight hand-held instruments have the
potential to {mprove hand-held monitoring, per-
ticularly for detecting chielded plutenium, ard
the instrument’'s second opersating mode expands
their utility to other spplications such as verifying
waste. Borth new techniques and others that are
now routinuly applied with less-portable equipment
can be readily accomplished with winimum effort,
The most effective use of the {natruments will be
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'tg. 8. These spectra lllustrate uranium verifica-
ion enrichment: (a) the 23%% gpectrum; (b)
atural uranium spectrum; and (c¢) depleted uranjum
pectrum. Mighlighted areas contain ?3%U gamma-rays
&) plus other radiacion (b) and (c).

btained in a program that conducts calibration
xperiments to determine appropriate decision
hrasholds and then follows a program of measurement
ontrol tests with standard {tems to assure proper
peration. Finally, effectiveness of the new
nstruments will certainly depend on their proper
se and good operator training.
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